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This report is a technical document that summarizes the shipboard test result of the full-scale

ECOMARINE ballast water treatment system conducted by the Marine Biological Research
Institute of Japan based on the standards for the type approval evaluation test of ballast water
treatment systems (established by the Inspection and Measurement Division of the Maritime
Bureau of the Ministry of Land, Infrastructure, Transport and Tourism, Japan) and the JIS Q

9001:2008 (appropriate to 1ISO 9001:2008).
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I.  Summary of test

The test was conducted in a total of 4 test cycles including 1 preliminary test cycle to check if
the operation, the sampling method and the analysis method were appropriate at domestic
ports in accordance with the G8 shipboard test requirement, only when it was found that the
test requirement that the number of organisms in the untreated water and the control water

during ballasting was more than 10 times the D-2 standard was met.

1. Vessel and test system
1.1 Vessel

* Name: ASUKA I

*  Type: cruise ship

. Gross tonnage: 50,142 GT

. Owner: NYK CRUISES, CO., LTD.
*  Flag of registry: Japan

Figure 1 ASUKA I
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1.2 Test system

*  Rated flow rate: 200 m*/h

Figure 3 UV unit

Figure 4 Control unit

Figure 5 Organism concentration device



1.3 Sailing route

*  Vessel’s planned route (domestic and international ports based in Yokohama, Japan)

1.4 Test period

i From March, 2012 to January, 2014

Table 1 Date and location of test
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Test cycle

Type of inspection

Ballasting

De-ballasting

Date

Location

Date

Location

Preliminary test cycle

Organisms in
ballast tank (1)

July 23, 2013

Port of Yokohama
Pier of Yokohama

July 25, 2013

Port of Hakodate

Test cycle 1

Organisms in
ballast tank (2)

Aug. 1,2013

Port of Yokohama
Pier of Yokohama

Aug. 1,2013

Port of Yokohama
Pier of Yokohama

Test cycle 2

Organisms in
ballast tank (3)

Sep. 23,2013

Port of Yokohama
Pier of Yokohama

Sep. 24,2013

Port of Nagoya

Test cycle 3

Organisms in
ballast tank (4)

Jan. 9, 2014

Port of Yokohama
Pier of Yokohama

Jan. 11, 2014

Port of Yokohama
Pier of Yokohama
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2. Test method

2.1 System configuration
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Figure 6 System configuration
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2.2 Sampling method
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The sampling was conducted using the sampling device in accordance with the Quality Assurance

Project Plan (QAPP).

B.WT.
(treated or control)

B.WT.
(treated or control)
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Figure 7 Ballast water flow during ballasting (treated water)
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Figure 8 Ballast water flow during ballasting (untreated and control water)

I-5



Document No.c-5

During de-ballasting, the treated water by the UV reactor, and the untreated water and the control

water passed through the UV reactor without irradiating UV lights were sampled.
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Figure 9 Ballast water flow during de-ballasting (treated water)
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Figure 10 Ballast water flow during de-ballasting (untreated and control water)
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Regarding the sampling period, frequency, item and volume, the below procedures were followed:

*  Sampling period and frequency
»  Ballast water in the control water tank
During ballasting, 3 times including the beginning, the mid and the end
During de-ballasting, 3 times including the beginning, the mid and the end
»  Treated water

During de-ballasting, 3 times including the beginning, the mid and the end

¢  Sampling item and volume

»  Viable organisms greater than or equal to 50 um in minimum dimension (L size group)
1 m®and over after concentrated by the sampling device

» Viable organisms less than 50 um and greater than or equal to 10 um in minimum
dimension (S size group)

>  Bacteria
500 ml and over

» POC, TSS
POC: 250 ml and over, TSS: 1 L and over

2.3 Analysis method

The analysis methods of any items are indicated in the Quality Assurance Project Plan (QAPP).
Any samples were conveyed to the Marine Biological Research Institute of Japan immediately after
the sampling to analyze them under the appropriate conditions because the analytical facility

could not be prepared on the ship.



2.4 Evaluation standards
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Each item was evaluated in accordance with the test requirement and the D-2 standard.

Table 2 Test requirement and D-2 standard

Test requirement

D-2 standard

|

tem Original water Control water Treated water
S size group :\ilgcr)eir:zir}nlq(l))tlmes the D-2 standard Over the D-2 standard Less than 10 inds./ml
L size group More than 10 times the D-2 standard Over the D-2 standard Less than 10 inds./ml

(100 inds./ml)

Escherichia coli

Over the D-2 standard

Over the D-2 standard

Less than 250 cfu/100 ml

Enterococci

Over the D-2 standard

Over the D-2 standard

Less than 100 cfu/100 ml

Vibrio cholera

Over the D-2 standard

Over the D-2 standard

Less than 1 cfu/100 ml

2.5 Other recorded items

*  Any operating statuses of the system

*  Flow rates at the time of treatment, when the ballast water was supplied to the control water

tank, when the ballast water in the treated water tank was discharged and when the ballast

water in the control water tank was discharged

*  Ballast water volumes stored in the treated water tank, supplied into the control water tank

and supplied into the sampling device

*  Treated and control water tank capacities

*  Ballasting and de-ballasting locations

o Pressures related to the filter unit

*  Control conditions of UV dose, etc. at the time of treatment during ballasting and

de-ballasting

e System trouble

*  Other required items
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IV. Test result
1. Treatment performance test with S and L size groups

In all the 3 test cycles, the original water and the control water met the G8 shipboard test
requirements and the treated water met the D-2 standard.

This test is therefore evaluated as a validated test.

Table 1 Total of S and L size groups in the ballast tank

* Testcyclel

>  Ssize group
Unit: inds./ml

Sample August 1 August 1

Organism Original water Control water Treated water
Beg | Mid | End | Beg | Mid | End | Beg | Mid | End | Beg | Mid | End | Beg | Mid | End

Phytoplankton 160 | 144 | 123 91 136 79 0 0 0 0 0 0 0 0 0

Zooplankton 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0

Total of viable organisms 160 | 144 | 123 92 137 80 0 0 0 0 0 0 0 0 0

>  Lsize group
Unit: inds./m>

Sample August 1 August 1

Organism Original water Control water Treated water

Beg | Mid | End | Beg | Mid | End | Beg | Mid | End | Beg | Mid | End | Beg | Mid | End
188, | 160, | 163, | 87,4 | 68,4 | 78,1 0 0 0 0 0 0 0 0 0

Phytoplankton 007 | 907 | 098 | 62 | 34 | 18
126, | 98,5 | 142, | 38,2 | 77,6 | 72,2
Zooplankton 875 | 25 | 600 | 00 | 50 | o0 | O | O | O | O | O 1 1 o | 0

314, | 259, | 305, | 125, | 146, | 150,
Total of viable organisms 832 | 432 | 698 | 662 | 084 | 318 0 0 0 0 0 1 1 0 0




¢ Test cycle 2
»  Ssize group
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Unit: inds./ml
Sample September 23 September 24
Organism Original water Control water Treated water
Beg | Mid | End | Beg | Mid | End | Beg | Mid | End | Beg | Mid | End | Beg | Mid | End
Phytoplankton 157 | 180 | 212 | 88 70 86 0 0 0 0 0 0 0 0 0
Zooplankton 67 103 | 143 19 11 11 0 0 0 0 0 0 0 0 0
Total of viable organisms 224 | 283 | 355 | 107 81 97 0 0 0 0
>  Lsize group
Unit: inds./m>
Sample September 23 September 24
Organism Original water Control water Treated water
Beg | Mid | End | Beg | Mid | End | Beg | Mid | End | Beg | Mid | End | Beg | Mid | End
261, | 407, | 408, | 179, | 142, | 181,
Phytoplankton 072 | 610 | 204 | 330 | 374 | 8aa | O | O | O | O | O p O} O | O | O
186, | 216, | 203, | 29,0 | 18,8 | 16,9
Zooplankton 000 | 000 | 000 | 60 | 09 | 20 0 ! ! 0 0 0 0 0 0
447, | 623, | 611, | 208, | 161, | 198,
Total of viable organisms 072 | 610 | 204 | 390 | 183 | 764 0 1 1 0 0 0 0 0 0
* Test cycle 3
>  Ssize group
Unit: inds./ml
Sample January 9 January 11
Organism Original water Control water Treated water
Beg | Mid | End | Beg | Mid | End | Beg | Mid | End | Beg | Mid | End | Beg | Mid | End
Phytoplankton 1'81 712 | 568 | 165 177 | 143 | o | o | o | o | o | o | o | o | o
Zoop|ankton 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total of viable organisms 1'81 712 | 568 | 165 | 177 | 143 | o | o | o | o | o | o | o | o | o
>  Lsize group
Unit: inds./m>
Sample January 9 January 11
Organism Original water Control water Treated water
Beg | Mid | End | Beg | Mid | End | Beg | Mid | End | Beg | Mid | End | Beg | Mid | End
43,3 | 11,3 | 23,8 | 1,80 | 1,71 | 1,22
Phytoplankton 81 36 95 0 7 0 0 0 0 0 0 0 0 0 0
Zooplankton 7'27 g'gg 6'682 918 | 990 1'30 ol olo|o| o] o]| ol o] o
50,5 | 19,8 | 30,7 | 2,71 | 2,70 | 2,32
Total of viable organisms 57 32 21 3 7 0 0 0 0 0 0 0 0 0 0




2. Treatment performance test with bacteria
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In all the 3 test cycles, the original water and the control water met the G8 shipboard test

requirements and the treated water met the D-2 standard.

This test is therefore evaluated as a validated test.

* Testcyclel

Table 2 Total of bacteria in the ballast tank

Unit: cfu/100ml

Sample August 1 August 1
Organism Original water Control water Treated water
Beg | Mid | End | Beg | Mid | End | Beg | Mid | End | Beg | Mid | End | Beg | Mid | End
Vibrio cholera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Escherichia coli 2'30 2'30 5'30 2’30 2360 2’80 55 38 4 72 64 20 19 17 5
Enterococci 390 | 56 0 | 510 1’30 1'30 2 0 0 2 0 1 2 19 0
* Test cycle 2
Unit: cfu/100ml
Sample September 23 September 24
Organism Original water Control water Treated water
Beg | Mid | End | Beg | Mid | End | Beg | Mid | End | Beg | Mid | End | Beg | Mid | End
Vibrio cholera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Escherichia coli 510 | 320 | 800 | 330 | 580 | 450 2 0 3 0 0 0 0 1 0
Enterococci 29 99 285 | 280 3’50 280 1 0 0 0 0 0 5 0 0
* Test cycle 3
Unit: cfu/100ml
Sample January 9 January 9
Organism Original water Control water Treated water
Beg | Mid | End | Beg | Mid | End | Beg | Mid | End | Beg | Mid | End | Beg | Mid | End
Vibrio cholera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Escherichia coli 410 | 270 60 1’80 1’30 1’30 0 0 0 0 0 0 0 0 0
Enterococci 130 | 160 53 220 | 315 | 330 0 0 0 0 0 0 0 0 0




L size plankton (500ml polypropylene container)

Sample list (1)

Testcycle 1 (Aug 1,2013)

No Size Test water ?amﬁnogf T:aemneugtr;e;:f Sample container The nuTab:;r: same
Beg 13-2  1G1D O
Original water Mid 13-2  LG1® O
End 13-2  LG1® O
@ 13-2 11D O
Beg @) 13-2  1S1® O
® 13-2  LS1® O
Testcycle D 13-2 1520 O
1 L Treated water Mid ® 13-2  1S2® O
® 13-2  LS2® O
@ 13-2 13D O
End ® 13-2  1S3@ O
® 13-2  LS3® O
Beg 13-2 LT1 O
Control water Mid 13-2 LT2 O
End 13-2 LT3 O

S size Plankton (1L polypropylene container)

No. Size Test water Tlmlng of | The number of Sample container The number of same
sampling | samesample sample
) 13- 2 SG1(D) |A specimen with most
amount of plankton is
Beg @ 13- 2 SGl@ adopted among 3
@ 13- 2 561@ specimens
@ 13- 2 SG2(D |]A specimen with most
.. . amount of plankton is
Original water Mid % 13- 2 SGZ% 2dopted among 3
13- 2 SG2 specimens
@D 13- 2 SG3(D) |A specimen with most
amount of plankton is
End @ 13- 2 SG3® adopted among 3
@ 13- 2 563@ specimens
©) 13-2  ss1D O
Beg ® 13-2  S51® O
® 13-2  SS1® O
Testvdl ) 13-2  ss20 O
esicycle
1y S Treated water Mid ® 13-2  SS2® O
® 13-2  SS20® O
©) 13-2  ss3D O
End ® 13-2  SS3@ O
® 13-2  SS3© O
@D 13- 2  ST1(D |Aspecimen with most
amount of plankton is
Beg @ 13- 2 STl@ adopted among 3
® 13-2  ST1® |specimens
- A specimen with most
@ 13-2  s120
. amount of plankton is
Contol water Mid % 13- 2 STZ% 2dopted among 3
13-2 ST2 specimens
@ 13- 2 ST3® A specimen with most
amount of plankton is
End % 13- 2 Sng adopted among 3
13- 2 ST3 specimens




Sample list (2) Testcyclel (Aug 1,2013)

Bacteria (500ml Corner polypropylene container )

. Timing of [ The number of . The specimen which was
No. Size Test water sampling | same sample Sample container adopted the lastdata

Beg 13-2 G1 O
Original water Mid 13-2 G2 O
End 13-2 G3 O
) 13-2  s10 O
Beg @) 13-2  S1@ O
® 13-2  S1® O
) 13-2 2 O
TGStEYdG - Treated water Mid ® 13-2 5202 O
® 13-2  S2® O
) 13-2  s3@ O
End @ 13-2  S3@ O
® 13-2  S3® O
Beg 13-2 T1 O
Control water Mid 13-2 T2 O
End 13-2 T3 O

Water Quality(2 L Black polypropylene container)

. Timing of The number . The specimen which was
No. Size Test water sampling of same Sample container adopted the lastdata
Original water Mid 13-2 G2 O
Testcycle
1
Treated water Mid 13-2  S2 O




Table 1 .Test result with water quality

Date Water Tii;ii}ff Sample name ;;51 ;gﬁi Salinity'Tempgéiture
Original water] Mid 13-2-G2 7 0. 58 31. 56 24. 2

2013/8/1 |Control water Mid 13-2-S2 3 0.52 31. 44 25. 2
Treated water Mid 13-2-T2 4 0.73 31.29 25. 1
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Sample lost(1) Testcycle 2 Sep 23~ Sep 24 2013

L. size group plankton (500m Polypropylene container)

No Size test water Ilanr:jzﬁ:: T:aemneu:;tr:;l:f Sample container The nur:abr:;)lc: same
o Beg 13- 12 161D O
Oiéii;fl Mid 13- 12 LGI® O
End 13- 12 LG1® O
) 13- 12 LS1® O
Beg @) 13- 12 LS1® O
® 13- 12 LS1® O
Testcycle 9 13 12 1520) O
5 L Treated water Mid ®@ 13- 12 LS2® O
® 13- 12 LS2® O
@ 13- 12 LS3® O
End @) 13- 12 LS3® O
® 13- 12 LS3® O
Beg 13- 12 LT1 O
Control water Mid 13- 12 LT2 O
End 13- 12 LT3 O

S size Plankton (1L polypropylene container)

Timing of [ The number of The number of same

No. Size Test water > Sample container
samplm-g same sample sample

13- 12 SGI@ A specimen with most

amount of plankton is
13- 12 SGI@ adopted among 3

13- 12 SGl@ specimens

Beg

13- 12 SG2 |A specimen with most

amount of plankton is
13- 12 SG2® adopted among 3

13- 12 SG2® specimens

Original water Mid

13- 12 SG3® A specimen with most

amount of plankton is
13- 12 SG3® adopted among 3

13- 12 SG3® specimens

End

13- 12 SS1D

O[O

Beg 13- 12 SS1®

13- 12 SS1®

13- 12 SS20

Testcycle

5 S Treated water Mid

13- 12 SS2©®

13- 12 SS2®

13- 12 SS3D

End 13- 12 SS3®@

OlO[O]O]0|0|O

13- 12 SS3®

13- 12 STI@ A specimen with most

— amount of plankton is
13- 12 STI@ adopted among 3

13- 12 STl@ specimens

Beg

13- 12 ST2@ |A specimen with most

amount of plankton is
13- 12 ST2® adopted among 3

13- 12 ST2® specimens

Contol water Mid

13- 12 ST3® A specimen with most

— amount of plankton is
13- 12 ST3® adopted among 3

13- 12 STB@ specimens

ClClCEECEEECECECECEECE R EEE




Sample list (2) Testcycle2 (Sep 23,2013 ~ Sep 24,2013)

Bacteria (500ml Corner polypropylene container )

No. Size Test water Z;nr:;ﬁnog T:aemneu;];:?;lzf Sample container Thaedj;j;n;z\?;:itzg::as

Beg 13- 12 Gl O

Original water Mid 13- 12 G2 O

End 13- 12 G3 O

©) 13- 12 S1® O

Beg ® 13- 12 S1® O

® 13- 12 S1® O

Testcycle @ 13 12 520 O

5 - Treated water Mid ® 13- 12 S2 O

® 13- 12 S2® O

©) 13- 12 S3® O

End ® 13- 12 S3®@ O

® 13- 12 S3® O

Beg 13-12 T1 O

Control water Mid 13- 12 T2 O

End 13- 12 T3 O

Water Quality(2 L Black polypropylene container)

No. Size Test water :;nr:;ﬁnog Th;::m:er Sample container Thaedi‘;i::;ztz;:gas

Original water Mid 13- 12 G2 O

Test;ycle - Treated water Mid 13- 12 S2 O

Control water Mid 13- 12 T2 O

V-14




Table 1 .Test result with water quality

Timing of TSS POC .. Temperat

Date Water sample Sample name /L /L Salinity ure
2013/9/23 Joriginal wateq Mid 13-12-G2 9 1.71 27.16 25. 7
Control water Mid 13-12-S2 4 0.44 29. 14 260. 1
2018/9/ 24 e et Mid 13-12-T2 8 | 1.50 | 27.92 25.8
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Sample list (1) Testcycle 3 (Jan9,2014~ Jan 11,2014)

L size plankton (500ml polypropylene container)

No Size Test water Timing of | The number of Sample container The number of same
<ampline | same sample sample
Beg 13- 18 LG1M O
Original water Mid 13- 18 LG1® O
End 13- 18 LG1® O
©) 13- 18 LS1D O
Beg @) 13- 18 LS1® O
©) 13- 18 LS1® O
) 13- 18 Ls20 O
Testcycle 3 L Treated water Mid @ 13- 18 LS2® O
® 13- 18 LS2® O
@ 13- 18 LS3D O
End @) 13- 18 LS3® O
® 13- 18 LS3® O
Beg 13-18 LT1 O
Control water Mid 13- 18 LT2 O
End 13- 18 LT3 O
S size Plankton (1L polypropylene container)
No. Size Test water Tlmlns of | The number of sample container The number of same
sampling same sample sample
@ 13- 18 SGl@ A specimen with most
— amount of plankton is
Beg @) 13- 18 SG1®@ adopted among 3
@ 13- 18 SGl@ specimens
® 13- 18 SGZ@ A specimen with most
- . — amount of plankton is
Original water Mid g 13- 18 SGZ% adopted among 3
13- 18 SG2(3) Jspecimens
- A specimen with most
) 13- 18 SG3MJAse
— amount of plankton is
End ® 13- 18 SG3®@ adopted among 3
@ 13- 18 SG3® specimens
) 13- 18 SS1 O
Beg @ 13- 18 SS1® O
® 13- 18 SS1® O
| ) 13- 18 SS2 O
festevelel s |Treated water|  Mid ® 13- 18 5520 O
® 13- 18 SS2® O
@) 13- 18 SS3D O
End @) 13- 18 SS3@ O
©) 13- 18 SS3® O
@ 13- 18 STl@ A specimen with most
— amount of plankton is
Beg % 13- 18 STlg 2dopted among 3
13- 18 ST1 specimens
— A specimen with most
@ 13- 18 ST2D|Asp
. — amount of plankton is
Contol water Mid g 13- 18 STZ% adopted among 3
13- 18  ST2(3)|specimens
@ 13- 18 STS@ A specimen with most
— amount of plankton is
End @) 13- 18 ST3® adopted among 3
@ 13- 18 STS@ specimens
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Sample list (2) Testcycle3 (Jan9,2014 ~ Jan 11,2014)

Bacteria (500ml Corner polypropylene container )

No. Size Test water I;::gﬁ:; Ts:;neugk;f’;:f Sample container Thaedir:;j;n;r;\?;:itz:::as
Beg 13- 18 Gl O
Original water Mid 13- 18 G2 O
End 13- 18 G3 O
©) 13- 18 S1D O
Beg ® 13- 18 S1®@ O
©) 13- 18 S1® O
) 13- 18 S2 O
Test(gzycle - Treated water Mid @ 13- 18 S2@ O
® 13- 18 S2® O
©) 13- 18 S3QD O
End @) 13- 18 S3®@ O
©) 13- 18 S3® O
Beg 13- 18 T1 O
Control water Mid 13- 18 T2 O
End 13- 18 T3 O
Water Quality (2 L Black polypropylene container)
No. Size Test water I;Tr:;ﬁ:; Th;efr;:::er Sample container Th:di‘;i::;ztzzzgas
Original water Mid 13- 18 G2 O
Testcycle 3 - Treated water Mid 13- 18 S2 O
Control water Mid 13- 18 T2 O

vV-23




Table 1 .Test result with water quality

Timing of TSS POC .. Temperature
Date Water sample Sample name me/L me/L Salinity C)
2014/1/9 [original wateq Mid 13-18-G2 2 0. 46 32. 00 12.1
Control water Mid 13-18-S2 1 0.23 32. 37 15.1
2014/ 1/ ) e e T hd 13-18-12 1| 0.37 ] 32.19 14

IV-24
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Document No.c-5

OPERATIONAL TEST RECORD

Title

No | Date Location Details

1 | July 23, 2013 OSANBASI YOKOHAMA | Ballasting

2 | July 25, 2013 HAKODATE De-ballasting
3 | August 1, 2013 OSANBASI YOKOHAMA | Ballasting

4 | August 1, 2013 OSANBASI YOKOHAMA | De-ballasting
5 | September 23, 2013 | OSANBASI YOKOHAMA | Ballasting

6 | September 24, 2013 | NAGOYA PORT De-ballasting
7 | October 19, 2013 JEJU ISLAND Sea to sea

8 | December 4, 2013 KEELUNG Sea to sea

9 | December 5, 2013 KAREN Sea to sea

10 | January 8, 2014 SHIMIZU PORT Ballasting

11 | January 9, 2014 OSANBASI YOKOHAMA | Ballasting

12 | January 11, 2014 NAGOYA PORT De-ballasting
Appendix

® Irregular maintenance records




ECOMARINE OPERATIONAL TEST REPORT

DOCUMENT No.c—5

Date JULY 23 2013
Location OSANBASHI YOKOHAMA (ex.OSANBASHI YOKOHAMA)
DETAILS G;asm De—ballasting sea to sea
Tank No. HI1WBT
Tank capacity 333.7 m3
Treatment flow rate 200 m3/h
Treatment time 13:02 ~ 14:22
Change in water volume in tank 524 — 2919 ton @]e—ballasting volume 239.5 ton
= Filtration
Unit1 Unit2
Time |Inner pressure|Outlet pressurellnner pressureOutlet pressure Treatment flow rate

¢ ) (kpa) (kpa) (kpa) (kpa) (m3/h)

13:22 93.9 91.3 92.7 90.3 204

14:02 107 105 106 104 202
=UV Irradiation
Time UV intensity Power consumption UV dose
(: ) (W/m2) (kW) (mJ/cm2)

13:22 135 9.7 117

14:02 128 11 111

System trouble

If yse,describe below

YES or @

Remarke

Invalidated test (Control water:L size plankton:446278inds./m3 Ssizeplankton :84inds./cm3)




ECOMARINE OPERATIONAL TEST REPORT

Document No.

Date JULY 25, 2013
Location HAKODATE (ex.Osanbashi Yokoyama
DETAILS Ballasting \De—ballastic gka to sea
Tank No. HI1WBT
Tank capacity 333.7 m3
Treatment flow rate 200 m3/h
Treatment time 12:18 ~ 13:32
Change in water volume in tank 291.0 — 229 ton Ballastingvolume 2681 ton
= Filtration
Unit1 Unit2
Time Inner pressure|Outlet pressure| Inner pressure Putlet pressureg Treatment flow rate
¢ ) (kpa) (kpa) (kpa) (kpa) (m3/h)
12:38 202
13:18 203
*UV irradiation
Time UV intensity Power consumption UV DOSE
(W/m2) (kW) (mJ/cm2)
12:38 123 13.4 107
13:18 123 13.4 107

System troble

YES or @

If ves, describe below

Remarks

Invalidated test (treated water : L size plankton:0.6 inds/m3 S size plankton:0 inds/cm3)
(Control water: L size plankton: 103701 inds/m3 S size plankton:87 inds/cm3)




Document No.c—5
ECOMARINE OPERATIONAL TEST REPORT

Date AUG 1, 2013
Location OSANBASHI YOKOHAMA (ex.0Osanbashi YOKOHAMA)
DETAILS m De—ballasting sea to sea
Tank No. HI1WBT
Tank capacity 333.7 m3
Treatment flow rate 200 m3/h
Treatment time 13:52 ~ 15:20
Change in water volume in tank 47.49 — 3159 ton —ballastng volume 268.41 ton
= Filtration
Unit1 Unit2
Time Inner pressure |Outlet pressure| Inner pressure [Outlet pressurg Treatment flow rate
¢ ) (kpa) (kpa) (kpa) (kpa) (m3/h)
14:20 103.2 99.2 100 98.2 204
15:00 117 114 116 114 201
UV irradiation
Time UV intensity Power consumption UV DOSE
() (W/m2) (kW) (mJ/cm2)
14:20 128 11.3 111
15:00 115 10.7 100

System troble

Y€s or @

If ves, describe below

Remarks

Validated test :Ballasting 1st Data




Document No.c—5
ECOMARINE OPERATIONAL TEST REPORT

Date AUG 1, 2013
Location OSANBASHI YOKOHAMA (ex.Osanbashi Yokohama)
DETAILS Ballasting De—ballastijjg sea to sea
Tank No. H1WBT
Tank capacity 333.7 m3
Treatment flow rate 200 m3/h
Treatment time 15:40 ~ 16:57
Change in water volume in tank 315.9 — 2881 ton Ballastinvolume 287.09 ton
Filtration
Unit 1 Unit 2
Time Inner pressure |Outlet pressure| Inner pressure | Outlet pressure Treatment flow rate
¢ ) (kpa) (kpa) (kpa) (kpa) (m3/h)
16:00 200
16:40 206
=UV irradiation
Time UV intensitu UV consumption UV dose
(W/m2) (kW) (mJ/cm2)
16:00 128 11.3 111
16:40 124 11.3 108

System trouble

If ves, describe below

Y€s or @

Remarks

Validated test :De—ballasting 1st Data




Document No.c—5
ECOMARINE OPERATIONAL TEST REPORT

Date SEP 23, 2013
Location OSANBASHI YOKOHAMA (ex.Osanbashi Yokohama)
DETAILS G@ De—ballasting sea to sea
Tank No. HI1WBT
Tank capacity 333.7 m3
Treatment flow rate 200 m3/h
Treatment time 12:41 ~ 14:.07
Change in water volume in tank 51.85 — 306.10 ton —ballasting volume 255.25 ton
= Filtration
Unit1 Unit2
Time Inner pressure |outlet pressure| Inner pressure [outlet pressure Treatment flow rate
¢ ) (kpa) (kpa) (kpa) (kpa) (m3/h)
13:13 72.8 69 69.4 67.8 202
13:50 87.2 83.2 84.8 81.9 204
=UV irradiation
Time UV intensity Power consumption UV dose
C ) (W/m2) (kW) (mJ/cm2)
13:13 127 12.9 110
13:50 123 130 107

System trouble yes or @

If ves, describe below.

Remarks

Validated test :Ballasting 2nd Data




ECOMARINE OPERATIONAL TEST REPORT

Document No.c—5

Date Sep 24, 2013
Location NAGOYA (ex.Osanbashi Yokohama)
DETAILS Ballasting De—ballastigg sea to sea
Tank No. HI1WBT
Tank capacity 333.7 m3
Treatment flow rate 200 m3/h
Treatment time 9:50 ~ 11:07
Change in water volume in tank 306.1 — 6449 ton Ballastin volume 242.51 ton
= Filtration
Unit1 Unit2
Time Inner pressure |Outlet pressure| Inner pressure [Outlet pressure Treatment flow rate
¢ ) (kpa) (kpa) (kpa) (kpa) (m3/h)
10:11 205
10:59 203
=UV irradiation
Time UV intensity Power consumption UV dose
(W/m2) (kW) (md/cm2)
10:11 124 137 108
10:59 124 134 108

System trouble

Y€s or @

If ves, describe below.

Remarks

Validated test :De-ballasting 2nd Data




Document No.c—5
ECOMARINE OPERATIONAL TEST REPORT

Date OCT 19, 2013
Location JEJU ISLAND (ex.Osanbashi Yokohama)
DETAILS Ballasting De—ballasting @
Tank No.
Tank capacity m3
Treatment flow rate 200 m3/h
Treatment time 11:25 ~ 12:31
Change in water volume in tank - ton Ballasting De—ballasting volume ton
= Filtration
Unit1 Unit2
time Inner pressure |Outlet pressure| Inner pressure [Outlet pressure] Treatment flow rate
¢ ) (kpa) (kpa) (kpa) (kpa) (m3/h)
11:35 83.9 80.4 80.9 78.8 206
11:53 83.7 79.7 80.7 78.6 209
=UV irradiation
Time UV intensity Power consumption UV dose
(W/m2) (kW) (mJ/cm2)
11:35 135 9.6 117
11:53 128 9.5 111

System trouble Yes or @

If yves,describe below

Remarks

Operational test




Document No.c—5
ECOMARINE OPERATIONAL TEST REPORT

Date DEC 4, 2013
Location KEELUNG (ex.Osanbashi Yokohama)
DETAILS Ballasting De—ballasti@
N 4
Tank No.
Tank capacity m3
Treatment flow rate 200 m3/h
Treatment time 13:39 ~ 14:55
Change in water volume in tank - ton Ballasting De—ballasting volume ton
= Filtration
Unit 1 Unit 2
Time Inner pressure |Outlet pressure| Inner pressure [Outlet pressurg Treatment flow rate

C ¢ ) |kpa) (kpa) (kpa) (kpa) (m3/h)

13:51 89.9 86.5 87.7 85.3 210

14:03 90.3 87 88.1 86.1 209
=UV irradiation

Time UV intensity Power consumption UV dose
(W/m2) (kW) (mJ/cm2)
13:51 128 104 111
14:03 127 10 110

System trouble Yes or @

If ves, describe below

Remarks

Operational test




Document No.c—5
ECOMARINE OPERATIONAL TEST REPORT

Date DEC 5, 2013
Location KAREN (ex.Osanbashi Yokohama)
DETAILS Ballasting Deballasting @
Tank No.
Tank capacity m3
Treatment flow rate 200 m3/h
Treatment time 11:36 ~ 12:59
Change in water volume in tank - ton Ballasting De—ballasting volume ton
= Filtration
Unit 1 Unit 2
Time Inner pressure |Outlet pressure| Inner pressure Putlet pressurg Treatment flow rate
C ¢ ) |kpa) (kpa) (kpa) (kpa) (m3/h)
12:00 89.8 86.3 87.2 85.1 208
12:30 91.2 87.5 88.4 86.2 208
=UV irradiation
Time UV intensity Power consumption UV dose
(W/m2) (kW) (mJ/cm2)
12:00 127 95 110
12:30 124 9.3 108

System trouble Yes or @

If ves, describe below

Remarks

Operational test




ECOMARINE OPERATIONAL TEST REPORT

Document No.c—5

Date JAN 8, 2014
Location SHIMIZU (ex.Osanbashi Yokohama)
DETAILS m De—ballasting Sea to sea
Tank No. H1WBT
Tank capacity 333.7 m3
Treatment flow rate 200 m3/h
Treatment time 13:42 ~ 15:07
Change in water volume in tank 11.23 — 24735 ton —ballasting volume 236.1 ton
*Fitration
Unit 1 Unit 2
Time Inner pressure |Outlet pressure| Inner pressure [Outlet pressurd Treatment flow rate

C ) [kpa) (kpa) (kpa) (kpa) (m3/h)

14:00 704 67.3 68.7 65.8 201

14:40 70.8 67.3 67.6 65.8 204
=UV irradiation
Time UV intensity Power consumption UV dose

(W/m2) (kW) (md/cm2)
14:00 130 94 113
14:40 120 8.9 104

System trouble

Yes or @

If ves, describe below.

Remarks

Operational test




ECOMARINE OPERATIONAL TEST REPORT

Date

JAN

9,

2014

Document No.c—5

Location

OSANBASHI YOKOHAMA

(ex.Osanbashi Yokohama)

DETAILS @ De—ballasting

ng Sea to sea
Tank No. HI1WBT
Tank capacity 333.7 m3
Treatment flow rate 200 m3/h
Treatment time 13:22 ~ 14:46
Change in water volume in tank 28.45 — 306.68 ton —ballasting volume 278.83 ton
= Filtration
Unit 1 Unit 2
Time Inner pressure |Outlet pressurellnner pressure |Outlet pressur| Treatment flow rate
C ¢ ) |kpa) (kpa) (kpa) (kpa) (m3/h)
13:42 74.2 69.5 701 68.1 202
14:46 942 90.3 91.1 89.1 203
=UV irradiation
Time UV intensity Power consumption UV dose
(W/m2) (kW) (mJ/cm2)
13:42 140 11 122
14:46 130 10 113

System trouble

Yes or @

If ves, describe below.

Remarks

Validated test :Ballasting 3rd Data




Document No.c—5
ECOMARINE OPERATIONAL TEST REPORT

Date JAN 11, 2014
Location NAGOYA (ex.Osanbashi Yokohama)
DETAILS Ballasting De—ballastifg Sea to sea
Tank No. HI1WBT
Tank capacity 333.7 m3
Treatment flow rate 200 m3/h
Treatment time 11:27 ~ 12:40
Change in water volume in tank 306.68 — 5969 ton Ballastin volume 246.99 ton
= Filtration
Unit 1 Unit 2
Time Inner pressure |Outlet pressurel Inner pressure |Outlet pressure| Treatment flow rate
C ¢ ) |kpa) (kpa) (kpa) (kpa) (m3/h)
11:46 205
12:40 202
=UV irradiation
Time UV intensity Power consumption UV dose
(W/m2) (kW) (mdJ/cm2)
11:46 120 10 104
12:40 120 10 104

System trouble Yes or @

If ves, describe below

Remarks

Validated test :De—ballasting 3rd Data




Irregular maintenance logbook

Total operating

Maintenance

Reason

Date Time Conducted work level (error message) Conducted by
2012/7/9 Installing new cartridge filters 1|For an investigation Inoue
2012/8/3 Installing new cartridge filters 1|For an investigation Inoue
2012/9/1 Installing new cartridge filters 1|For an investigation Inoue
2013/1/9 Installing new cartridge filters 1|For an investigation Inoue
2013/7/9 Installing new cartridge filters 1|For an investigation Inoue

2013/7/21 Installing new UV lamp 1|For UV lamp’s confirmation|Inoue

Maintenance level 1:conducted by the operator

Maintenance level 2:conducted by the manufacturer’s service personnel or authorized service personnel




2012.3 ~2014.1 Operational test list

Date Location Detail Ballasting Beforg After . De—-ballsting |Before . After .
volume(ton) |ballasting(ton) |ballasting(ton) |volume(ton) |deballasting(ton) |deballasting(ton)
2012| 3/16]Tokyo Ballasting 220 30 250
3/19]Yokohama De—ballasting 110 250 140
3/31]|Yokohama Ballasting 271 20 291
4/1|Yokohama De-ballasting 262 291 29
4/13|Phuket sea to sea
6/18|SF coast Ballasting 238 30 268
SF coast De-ballasting 259 268 9
6/19|SF coast Ballasting 261 9 270
SF coast De-ballasting 260 270 10
7/26|Kushiro Ballasting 150 140 290
8/9|Yokohama Ballasting 282 31 313
8/11]|Komatsujima |De-ballasting 253 310 57
8/11]|Komatsujima |Ballasting 215 57 272
8/16]Yokohama sea to sea
8/20]|Yokohama Ballasting 192 8 200
8/24]|Yokohama Ballasting 155 45 200
8/24|Yokohama De—-ballasting 140 200 60
10/9]|Osaka Ballasting 283 7 290
10/11|Hakata Ballasting 246 292 46
11/13]|Kobe Ballasting 275 14 289
11/14|Yokohama De-ballasting 262 288 26
12/16|Kobe Ballasting 256 9 265
12/17|Kobe De-ballasting 174 260 86
2013| 3/15[99%2" f  |pe pallasting 251 283 32
Nagovya
3/16]|Kobe Ballasting 271 12 283
3/17|Kobe De—ballasting 252 283 31
3/18]|Yokohama Ballasting 278 9 287
3/19]Yokohama De-ballasting 263 286 23
3/22|Yokohama Ballasting 259 20 279
3/23|Yokohama De-ballasting 209 279 70
3/28]Yokohama Ballasting 251 13 264
3/29]|Yokohama De—ballasting 205 260 55
4/1|Yokohama De—ballasting 237 275 38
4/2|Yokohama Ballasting 289 7 296
4/3|Yokohama De-ballasting 260 297 30
7/23|Yokohama Ballasting 240 52 292
7/25|Hakodate De—ballasting] 268 291 229
8/1]|Yokohama Ballasting 269 47 316
8/1|Yokohama De—-ballasting 287 316 29
8/3|Yokohama Intaking control water
8/9]Yokohama Intaking control water
8/16|Hakodate Intaking control water
8/19|Yokohama Intaking control water
8/23|Yokohama Intaking control water
8/25|Yokohama Intaking control water
9/6|Hakata Intaking control water
9/15|Kanazawa Intaking control water
9/20]|Yokohama Intaking control water
9/23|Yokohama Ballasting 255 52 306
9/24|Nagoya De-ballasting 243 306 64
9/28|Kanazawa Intaking control water
10/3|Yokohama Intaking control water
10/19[Jeju island  |sea to sea
12/4|Keelung sea to sea
12/5|Karen sea to sea
2014 1/8|Shimizu Ballasting 236 11 247
1/9|Yokohama Ballasting 279 28 307
1/11|Nagoya De-ballasting 246 307 60




